Objectives-To study whether vibrotactile sense combined with questionnaires (subjective complaints) and a clinical examination (including scoring of the Stockholm workshop scale (sensorineural staging)) could serve as a screening procedure, in the health care service, for sensorineural symptoms. A group of blue collar workers exposed to vibration in a manufacturing industry (rock crushing plants) was investigations" the sensorineural component of the hand-arm vibration syndrome develops earlier than the vascular component, white fingers, which has been the most common complaint among workers with many years of exposure to vibration. Lately, there has been a decline in the prevalence of occupational white fingers for example, among forestry workers using chain saws" whereas there is increasing interest in the sensorineural symptoms.
Musculoskeletal disorders can result in pain and impaired work performance. The prevalence of extensive muscle fatigue in the hands and arms in forest workers seems to be in the range of 14%-35 00. Physiological responses include electrochemical and metabolic changes. These local changes are conveyed to the central nervous system by sensory afferent nerves. Repetitive muscle contractions, joint positions, and joint movements may induce pressure to the nerves, which ultimately can lead to impaired nerve function. Nerves can also be affected by exposure to vibration. Impairment in nerve function can be reflected in changes in nerve conduction velocity or vibrotactile sense.' 6The maximum hand grip compression correlated significantly with vibrotactile sense and the muscle fatigue process affected mainly the maximum hand grip force.
A study by Starck and Toppila' confirmed earlier findings on the importance of grip force to the transmission of vibration. Akesson et at' also noticed a relation between impaired vibrotactile sense and decreased muscle strength in the full hand grip. Vibrotactile sense may be one of the first changes found after exposure to vibration."' According to several investigations" the sensorineural component of the hand-arm vibration syndrome develops earlier than the vascular component, white fingers, which has been the most common complaint among workers with many years of exposure to vibration. Lately, there has been a decline in the prevalence of occupational white fingers for example, among forestry workers using chain saws" whereas there is increasing interest in the sensorineural symptoms.
Our aim was to study whether vibrotactile sense combined with questionnaires (subjective complaints) and a clinical examination (including scoring on the Stockholm workshop scale (sensorineural staging)) could serve as a screening procedure for sensorineural symptoms in the health care service. A group of blue collar workers exposed to vibration in a manufacturing industry (rock crushing plants) was used as the study group. Another group of workers not exposed to vibration but subjected to heavy manual work served as the control group. (table 2) . The control subjects were also asked at the medical examination whether they were formerly exposed to vibration or not. The workers exposed to vibration were grouped into exposure categories on the basis of their reported cumulative number of hours of exposure to vibratory tools.'8 The cut off points selected were 0 and 4800 hours, which correspond to none and the equivalent of 3 The vibrotactile sense was determined as previously described by Lundborg et al.3 22 23 The index and little fingers of both hands were investigated. Briefly, the pulp of the tested finger was allowed to rest against a vibrating probe (a flat topped cylindrical probe with a surface area of 5 mm2) placed on top of the vibration exciter. This design, and a different design (the vibration exciter was mounted in a manner similar to a beam balance to provide a constant static pressure of 3.5 N/cm2 to the skin) gave almost equal results.'0 The vibration exciter delivered sinusoidal vibrations at seven frequencies ranging from 8-500 Hz. It was driven by a power amplifier controlled by a modified version of an audiometer of von Bekesy-type.
The amplitude within its frequency was regulated by remote control through a button on a hand switch operated by the patient's other hand. Pressing the button caused a gradual decrease in amplitude whereas releasing the button caused an increase. Table 3 shows the duration of exposure to vibration for those workers with sufficient data presently exposed to vibration versus subjective sensorineural and vascular symptoms. Impaired grip strength was the only symptom which was significant for those with an exposure to vibration of more than four years. There were (with one exception) no significant differences in SI for the four fingers tested ( fig   1) . A mean value of SI was therefore calculated for all four fingers (SI total).
VIBROTACTILE SENSE VERSUS SENSORINEURAL AND VASCULAR SYMPTOMS
With grouping based on the Stockholm workshop scale (sensorineural staging), in- (fig 2) . Table 6 shows the occurrence of vascular and sensorineural symptoms in manual workers exposed to vibration (previously and presently) versus those not exposed to vibration among smokers and non-smokers. In the non-exposed group no cases of white fingers occurred among the non-smokers whereas white fingers were noticed among smokers. All smokers showed higher frequencies of white fingers, cold sensitivity, and impaired grip strength, but the differences were significant only for the workers exposed to vibration. No other sensorineural symptoms reached significance. , table 4 ). The explanation may be that the questionnaires, although they have been validated, are not very good for assessment of time of exposure to vibration. The possibility that the vibrotactile sense is affected early in exposure may be an explanation for the findings that there was no significance difference between the mean SI for all the groups exposed to vibration and the non-exposed groups. Many factors may help to explain this finding such as individual variations in vulnerability to vibration trauma, variations in working technique and grip force around the tool, and variations in type of hard manual work, which also may affect the transmission of vibration to the hand. It was not possible to establish a valid quantitative relation between sensorineural disturbances and exposure to vibration.'3 14 26 Perhaps the lack of this relation could be explained by the healthy worker effect, as a very healthy worker may tolerate exposure to vibration much better than an average worker. The healthy worker effect has been known for more than 100 years, but the term first appeared in print in 1974.27 It comprises the healthy hire effect, the healthy worker survivor effect, and the decline in health with time since hire.28 Changes in lifestyle (improved economic status, better access to medical care, and changes in lifestyle) accompanying employment should also be included. 29 Ohlson et al' found that among assembly workers those who worked fastest had a lower prevalence of musculoskeletal symptoms of the neck and hand-arm system. Interestingly, the group with the longest exposure to vibration sometimes gives unexpectedly good results. According to table 3 a healthy worker effect may exist. The mean SIs are about the same in the groups exposed to vibration (table 3). Letz et al'" found that there were no further increases in reporting sensorineural symptoms in workers with more than 17 000 hours of exposure to vibratory tools. However, the healthy worker effect has seldom been discussed for hand-arm vibration. '4 IMPAIRED GRIP STRENGTH A two year follow up study on the hand grip force in lumberjacks" suggested that long term exposure to vibration causes a decrease in muscle force, and not only in laboratory experiments.'2 "Decreased grip strength and a correlation with vibrotactile sense was also found in a study of 462 chainsaw operators.25
SMOKING VERSUS VASCULAR AND SENSORINEURAL SYMPTOMS
It is important to find the frequencies which may have serious effects on the musculoskeletal symptoms. Low frequencies (<50 Hz) are mainly transmitted to the hand and the forearm, whereas higher frequencies are mostly absorbed by the hand.14 A study by Okada"4 showed that after vibrating the hind legs of a rat, the activity of plasma creatine phosphokinase was significantly increased at 30, 60, 120, 240, and 480 Hz and was especially high at 30 Hz.
The transmission of vibration may be dependent on body weight35 but we did not find any correlation in our study (tables 3-5) when using the more accurate body mass index (BMI).
Vibration induced muscle injury in the hind limb of rats has been shown by Necking et al.36 When the hind limb was subjected to vibration over periods of two to five days early signs of muscle fibre degeneration were noticed as an increased frequency of internal nuclei in the muscle fibres" as well as changes in the muscle fibre area.
Martin and Armstrong presented a model to describe the way in which vibration induced alterations of motor control may cause or aggravate musculoskeletal and peripheral nerve disorders. '8 The relation between impairment in vibrotactile sense and grip strength indicates that impaired sensory feedback may contribute to muscle weakness. The results of our findings with higher frequencies of impaired grip strength in the hands (table 4) in blue collar workers exposed to vibration are in accordance with these studies. COLD 
SENSITIVITY
The results in table 4 show a relation between cold sensitivity and white fingers in the group with the lowest SI values (mean 0.39). The symptom cold sensitivity (or cold intolerance) is often experienced as a vascular problem. The decreased occurrence of cold sensitivity parallel to the increased occurrence of white fingers after 11 to 20 years of exposure (fig 3 In the study by Lundborg et at" a high (83%) incidence of sensorineural symptoms was noted for all four fingers tested in patients with brachialgia (n=30) without any obvious cause, but also in workers exposed to vibration (n=146, 53%). This is in line with our results (fig 1) .
Neurophysiological studies have shown that most of the increase in tactile perception threshold involves peripheral receptor mechanisms.'4 The earliest sign of decreased vibrotactile sensation is a flattening of the peak of the curve of the vibrogram. In more advanced stages both higher and lower frequencies are decreased.' Figure 2 shows that all tested frequencies were affected. When a correlation was made between different biological factors of the subjects' hand-arm systems and the mechanical impedance as a function of the frequency, in the frequency range of about 200 to 300 Hz where the impedance has a low point, the highest correlation was found for the grip force applied by the subject.40 A comparison of single (100 Hz) and multifrequency (8- Table 4 shows that the clear differences in mean SI for the different stages could actually serve as a validation of the Stockholm workshop scale. This staging seems to be more sensitive than the clinical examination, as a clinical examination identifies only the pathological symptoms found in the most severe cases and is not sensitive enough to prevent vibration related injuries.
CONSIDERATIONS OF STUDY DESIGN AND BIAS
There are several considerations involving potential bias in a cross sectional study. As 7% of the study participants refused to participate in all parts of the study, the prevalences of the symptoms reported for the responders are biased estimates of the true prevalences among the entire population. However, this bias is of minor importance as we have complete data from 93% of the group. The exclusion of people with medical conditions that cause symptoms similar to hand-arm vibration syndrome would cause underestimation of the prevalence of disease. However, only 13 people (8%) were excluded because of such a disease or medication. As not only active workers were studied, but also those formerly exposed to vibrating tools (with the exception to the few who had left the industry), the figures should be fairly accurate. There is a lack of exact data on exposure to vibration, but as the workers had been working with many different tools ( 
